We conducted exploratory data analyses and Bayesian network analyses separately for men and analyses that included HIV status for these countries. First, we calculated and presented crude odds ratios for each pair of variables by country and sex. Then we conducted a Bayesian network analysis to determine the possible causal relationship always identifiable under our assumptions, the directions of edges may be unknown, so we can
only learn a so-called completed partially directed acyclic graph (CPDAG) [18, 19] . The theoretical framework for CPDAG learning is well-developed [20] [21] [22] [23] . We used a fully within the bnlearn package in R [25] . To improve the stability of the estimated graphs, we used 1 1 8 bootstrap sampling. For each country and sex, we took 10,000 bootstrap samples, using weighted resampling to account for the sampling weights in the DHS data. For each bootstrapped data set,
we obtained the corresponding estimated CPDAG. We then constructed a graph for each country 1 2 1 as follows: two nodes were connected if the edge was present in at least 90% of the bootstrapped CPDAGs, and edges were oriented if they were oriented in that direction in at least 70% of the 1 2 3 bootstrapped CPDAGs. Finally, we determined an overall summary graph by sex that combined the information for all 1 2 6 countries. In this summary graph we only considered edges present in at least six countries for of countries with an orientation in one direction, and the number of countries with an orientation 1 3 0 in the other direction was determined. If the difference between these numbers of countries was 1 3 1 at least six, the edge in the summary graph was oriented according to the majority orientation. We estimated the sign of an association conditionally on all other variables using the Cochran- Mantel-Haenszel odds ratio [26] and marginally by calculating the crude odds ratio. We 1 3 4 considered associations negative if both the crude and the conditional odds ratio were less than 1 3 5 one, and positive if both the crude and the conditional odds ratios were above one. We used the open source R language, version 3.5.0 for our analysis [25] . The code is available The study was conducted using data from the DHS program, which are freely available on similar for males and females (Table 1) . Women were less likely to be able to read (median 46% 1 5 0 vs. 68%), to have media access (61% vs. 74%), to currently work (54% vs. 79%), and more The median, minimum and maximum of percentages among all countries are shown.
5 7 8
We found both differences and similarities in crude odds ratios between variables across the 1 5 8
sexes. Figure 1 shows the associations between all pairs of variables, each rectangle showing the were positively associated with sexual initiation before age 16. Having ever been tested for HIV 1 6 3 was positively associated for both sexes with the belief that it is justified for a wife to ask the
husband to use a condom if he has a sexually transmitted infection (STI), with being married,
with media access, and with literacy. These findings were consistent across countries. Each rectangle shows the odds ratios between the corresponding pair of variables for all countries, sorted from lowest to highest. and men. The thickness of the edges is proportional to the number of countries for which the 1 7 6
given edge was present, and the colour and pattern indicate if the association (i.e. the signs of 1 7 7
both crude and conditional log odds ratios) was always negative (blue, dashed), positive (red, about AIDS in almost all countries (20 and 27 countries, respectively). In 13 countries, literacy
among men was also positively associated with believing the wife is justified to ask the husband negatively associated with having been tested for HIV (women 12 countries, men 11 countries).
9 2
For women, the association between rural residence and false beliefs about AIDS was however positively associated with the belief that it is justified to ask the husband to use a condom 1 9 5
(women 24 countries, men 8 countries). Having ever been tested for HIV was also associated
with having access to media in 8 countries for women and 11 countries for men, all of which
were countries with low (<3%) HIV prevalence. Among women, having been tested for HIV also
was positively associated with being married in 21 countries. We found only very few directed edges, and will not interpret these in a fully causal way. Detailed results for each country are grey dotted lines indicate that the sign of the association differed across countries. negatively associated with younger age and living in a rural location for both sexes (Figure 3) .
Being HIV infected was positively associated with being married, thinking it is justified for a 2 1 5
wife to ask a husband to use a condom if he has an STI, and having ever been tested for HIV for 2 1 6 both sexes. For women, having a female household head was also positively associated with HIV 2 1 7 positivity. variables for all countries, sorted from lowest to highest. associated with having a female household head, and negatively associated with younger age and
living in a rural area, in at least five countries. number of countries with the shown direction was at least five higher than the number socio-behavioural variables that may be linked to HIV in sub-Saharan African countries.
4 2
Literacy and urbanity were the most central variables: they were directly connected to at least 2 4 3 half of the remaining variables for both men and women in at least six countries. Access to 2 4 4 media, information on HIV and HIV testing differed greatly between urban and rural locations.
4 5
Having false beliefs about AIDS was strongly connected with rural location, being illiterate and he had an STI. Many associations were also observed in only few countries. Only very few 2 5 0 directed edges were found. Literacy was directly associated with several factors that should protect against acquiring HIV. to have false beliefs about AIDS. This is promising, since literacy is one of the few variables in sub-Saharan Africa has been slowly increasing over the last decades, from 63% in men and 42% young men and women are considerably higher and likely to continue to rise. receiving ART [29] . In our study, illiteracy was also strongly associated with false beliefs about Malawi, people who knew more about HIV prevention were more likely to reject, rather than 2 6 7 endorse, myths and misconceptions about HIV transmission [30, 31] . But some studies suggest
